Groundwater vulnerability maps have become a standard tool for protecting groundwater resources from pollution. They are especially valuable in the decision making process related to land use planning. In fact, mangers have mostly little experience and expertise at hand to decide which land uses and activities are to be allowed in certain areas without causing a negative impact on the quality of groundwater. Hence, numerical modeling of various hydrological parameters and assessment of vulnerability to potential pollution of water resources in Tunisia has been the subject of several studies since 1980. These water resources are becoming increasingly scarce, overexploited, poorly distributed and most especially polluted including Mioplio quaternary Foussana Aquifer located in the western of the Kasserine area in the central Tunisia, which is considered as an economic resource priority because it is used in irrigation and domestic consumption. The area of the aquifer is essentially occupied by agricultural areas characterized by an important use of chemical fertilizers which are in addition to the discharge of industrial zones, an ongoing risk to the groundwater quality; this prompts us to a hydrological study and vulnerability late attributed to improve management of water resources in the study area. In this context, the use of GIS and remote sensing seems to be an effective tool the aquifer vulnerability evaluation, by applying various methods: standard DRASTIC, GOD, SINTACS and SI. The application of these methods shows that the most vulnerable zone is the southern part of the Foussana aquifer. So these maps could serve as a scientific basis for sustainable land use planning and groundwater management in the study area.
Introduction
Generally, irrigation in arid regions is always changing due to many factors: low rainfall, high evapotranspiration, groundwater quality, structural and soil condition. Increasing populations and high living standards in most arid countries causes excessive water demands used in industries and urban needs. Water used in irrigation has also been s an important water demand. In arid regions, overexploitation of groundwater induced alarming declines in water levels [1] .
Remediation of contaminated aquifers is expensive. To recognize the need to an efficient method to protect groundwater resources from contamination, scientists and managers develop aquifer vulnerability techniques for predicting which areas are the most vulnerable [2] .
The assessment of groundwater vulnerability to pollution has been the subject to intensive research during the past years and a variety of methods have been developed. Many approaches have been developed to evaluate aquifer vulnerability. For this objective, the GIS and remote sensing tools are combined to various methods: standard DRASTIC, GOD, SINTACS and SI method. They are used to evaluate aquifer vulnerability to pollution. Finally, a comparative study of the vulnerability maps was performed in order to choose the best method.
Methods

Principe
Numerous vulnerability modeling approaches is proposed. A comprehensive groundwater vulnerability model must include parameters to describe how much a site is risky to be contaminated and how the contaminant moves from the contamination site to the aquifer. In this study, the vulnerability rating used is the DRASTIC index, GOD index, SINTACS index and SI index (Aller, 1987) (Figure 1) .
For each used models we have applied the following formulas:
Equation (1) The parameters mentioned above are defined and determined as follows.
Depth (D)
It represents the depth from the land surface to the first groundwater aquifer [3] . It determines the thickness of material through in which infiltrating water must move before reaching the aquifer-saturated zone. Consequently, the depth of the groundwater impacts on the interaction degree between the percolating contaminant and subsurface materials (air, minerals, water) and, therefore, on the degree and extent of physical and chemical attenuation, and degradation processes, the depth groundwater distribution (D) was established by subtracting the groundwater level, measured in forty wells in Foussana aquifer, from the topographic elevation in the corresponding cell location [4] . Before starting detailed data collection, some general information pertaining to the socio-economic, demographic and physical characteristics, settlement patterns, and water supply schemes of the communities under study were gathered. This information has been used as a base for planning the field data collection and determining the selection of the sample population [5] .
Net Recharges (R)
One of the major impacts of the integrated watershed management program was on improving groundwater recharge and its availability [6] . To calculate the recharge parameter distribution, the Water Table Fluctuations method (WTF) was used. It estimates groundwater recharge as the product of specific yield and the annual rate of water table rise added to the total groundwater draft [7] ended by the equivalent permeability, which is found from well logs [8] . 
Topography (T)
It refers to the slope percent of the land surface which was determined directly from the topographic maps of Kasserine, Berino, Semmama and Bouchebka (scale 1:50,000).
Soil Media (S)
The soil parameter (S) was obtained by digitizing the existing soil maps, with 1:50 000 as a scale required from Regional Agency of Agriculture Laboratory "CRDA", which they cover the entire region.
Hydraulic Conductivity (C)
The hydraulic conductivity is defined as the ability of aquifer materials to transmit water, which in turn, controls the rate at which groundwater will flow under a given hydraulic gradient. The rate, at which the groundwater flows, also controls the rate at which it enters the aquifer [9] . The hydraulic conductivity was calculated based on the following equation: K is the hydraulic conductivity of the aquifer (m/s), b is the thickness of the aquifer (m) and t is the transmisivity (m 2 /s), measured from the field pumping test data.
Study Area
The study area is located in the foreland of the Alps, in the western part of central Tunisia [10] . It is limited in the east by Kasserine region, Algeria in the west, Sidi Bouzid region in the south and Siliana region in North. The sector is marked by a pool. Its collapse due to mainly extensional tectonic events in the boundary of this basin [11] .This basin is surrounded by folded structures: Jebel Semmama, Jebel Biréno, Jebel Hamra in the West [12] , and Jebel Chambi in the East [13] (Figure 2 ). The main outcrop that marks the watershed of Foussana is the quaternary alluvium which is surrounded by Cretaceous reef of deposits covering folds Mountains bounding [14] .
The Foussana watershed is a part of Wadi Zroud hydrological large set. The basin has a relatively streams. The most important is Wadi El Hatob .It crosses the basin along its entire length and thus constitutes the main drain of this basin.
Results
Data Processing and Parameters Evaluation
For each parameter a raster map is made from interpolation of the well data using the Arc View GIS software. Map of soils is scanned and then processed from the Soil Map. The slope map is obtained from the digital elevation model. Each parameter is classified on certain vulnerability classes with values from the DEM [15] .
The attribution to each parameter the corresponding weight and rating according the formula of each method in order to obtain the vulnerability indexes. All parameters in different models are mapped [16] . Using the Kriging interpolation technique; we have been allowed to map the distribution of each parameter.
The alluvial Foussana aquifer is important water resource because it is used for irrigation. The aquifer vulnerability to pollution by generic pollutants has been studied by applying the following methods:
DRASTIC Method
This is one of the most used methods in the world.
It assigns a note between 1 and 10 and a weight between 1 and 5 for each used parameter ( Table 1 ).
GOD Method
The GOD method is an empirical method for the assessment of aquifer pollution vulnerability.
Developed in Great Britain; this method uses three parameters: 1) Groundwater occurrence, 2) Overlying lithology (solely related to the unconfined aquifers) and 3) Depth to groundwater. Values from 0 to 1 can be assigned to the parameters ( Table 2) .
SINTACS Method
The SINTACS method was established for hydrogeological, climatic and impacts settings, typical of the Mediterranean countries.
The acronym SINTACS stands for the seven parameters included in the method: depth to water, recharge, vadose zone, soil cover, aquifer, hydraulic conductivity and slope. In the same way that the DRASTIC method, SINTACS assigns notes and weights for each of these parameters in the following way ( Table 3) .
SI Method
SI (Susceptibility Index) method (Ribeiro, 2000) is a vulnerability method for evaluating the specific vertical vulnerability to pollution originated by agricultural activities mainly by nitrates.
Specific vulnerability is the term used to define the vulnerability of groundwater to a particular contaminant or group of contaminants. SI assigns notes and weight for each of these parameters in the following way ( Table 4) .
Spatial Mapping of Calculated Parameters
After classifications and notifications for each parameter, the spatial mapping in Raster format by interpolation of these parameters is a necessary step in this work [17] . In this case we obtain the result shown in Figures 3-6 .
All the realized maps are projected in "WGS 1984 UTM Zone 32N, datum Carthage." Under ArcGis; maps are classified by "symbology" and then are cut with the tool "Extract by Mask" then they will be recorded in Raster "Tiff" format.
The maps are then superposed through "ArcScene,"
and the final product of vulnerability has been deducted by the "Raster calculator" tool, using the formulas already defined previously and multiplying classified parameters by their equivalent weight.
Overlays Analysis
Groundwater Contamination Risk Mapping is carried out by overlay of layers representing the different parameters in the parmetrics models. Theoretically an overlay is necessary for each parameter; however some of parameters are frequently closely associated. In some areas the vadose zone and aquifer media are the same. In other areas, soil and topography are intimately related [18] .
The data used to generate the Vulnerability index map is produced at a variety of scales. Values for hydraulic conductivity are frequently extrapolated from only a few points of reference or simply estimated from aquifer media. When creating the map it is therefore important to attempt to "justify" the scales by either making generalizations or finding the most detailed information available.
Finally, through a function specific to the GIS software-the overlay function, the various maps for each parametric model (DRASTIC, GOD, SINTACS and SI) are combined through the Map Calculator function from the Spatial Analyst extension resulting in the Vulnerability Map of groundwater (Figure 7) .
After mapping all the parameters, the vulnerability maps were obtained by overlaying the individual maps and calculating the indices on a grid map (cells of 300 m × 300 m). For each grid cell, the Vulnerability Index was calculated as the weighted sum of the parameters according to equation.
Finally, we have to evaluate the hydrologic settings which are present on the map. The areas on the final map are labeled with the appropriate hydrogeologic setting. The vulnerability index for each model is calculated and the final vulnerability map was subdivided into classes related to vulnerability degrees of according to the classification of Engel et al. (1996) [19] .
Discussion and Vulnerability Models Comparisons
The comparison between DRASTIC, GOD , SINTACS and SI methods shows that the closest results are those from the method SINTACS and SI, modified versions of the DRASTIC method adapted to the Mediterranean climate, climate prevailing in the study area [20] . The DRASTIC vulnerability map, according to standard classical provides, in turn, more detailed results widely different from other methods (Figure 8) .
Obtained vulnerabilities results indicate the high mapping vulnerability area [21] . The central part of Foussana basin is the most exposed part to contamination. It is a plain which crossed by the river of Hatob. The right bank of the river is a large area. The largest irrigation area is located at the left of the bank. DRASTIC method shows the most vulnerable areas in Foussana basin to be polluted. The region is an area of high agricultural activity with an intense use of chemical fertilizers.
The DRASTIC map resulting from overlaying the seven thematic maps shows four classes, as indicated in (Figure 8) .
The highest class of Vulnerability Index (VI: 161 -200) ( Table 5 ) covers 18% of the total surface in the central part of the study area. It is due to the high aquifer permeability coming from the vadose zone sediments nature.
The combination of quaternary alluvium and the Miocene sandstones, shallow groundwater (<20 m), high recharge (>260 m) and high hydraulic conductivity. This results in a low capacity to attenuate the contaminants. The very low vulnerability (VI: 1 -60), which is represented by 10% of the total Foussana surface, is essentially due to the deep groundwater (>260 m depth), the low permeability and the vadose zone sediments ,added to that the low hydraulic conductivity [22] . As well as the low recharge rate, we assume that these are the same conditions in the case of low vulnerability (VI: 61 -120) , with less degree of impact for these parameters. The moderate vulnerability (Medium value) (VI: 121 -160) which is represent 10% of the study area. Vulnerability pattern is mainly dictated by the variation of the permeability [23] and the vadose zone. The recharge and the depth of groundwater are two parameters having a influence on vulnerability degrees to pollution (Figure 9 ). The application of SI (susceptibility index method) indicates the very high vulnerable zones to be contaminated by pollutants (Figure 10) .
The most vulnerable areas have an index between 85 and 100 ( Table 6 ). Zones which have index value less than 45 are the less vulnerable.
The application of the SINTACS Model SI indicates the very high vulnerable zones to be contaminated by pollutants (Figure 11) .
The most vulnerable areas have an index above than >210 ( Table 7) . Zones which have index value less than 45 are the less vulnerable.
The GOD Model application indicates the very high vulnerable zones to be contaminated by pollutants (Figure 12) .
The most vulnerable areas have an index between 0, 7 and 1 ( Table 8) . Zones which have index value between 0, 0 -1, and 3 are the less vulnerable. A statistical comparison among the vulnerability maps generated by each method has been carried out. The Fig-Figure 11 . SINTACS vulnerability map. ure 12 shows the difference of classification between the used methods of vulnerabilities. On the one hand, this comparison shows a certain similarity between the results obtained using the SI and SINTACS methods [24, 25] . On the other hand, the DRASTIC map classification shows different results. We see much more of a class at the DRASTIC method, this method is thus more suitable to use in our case. Finally, we conclude that a specific vulnerability study using the "modified DRASTIC" method especially in Nitrate, is more recommended to this type of environment. It helps to protect the most vulnerable areas and to guide investors to have decision.
Conclusions
The GIS techniques use, to identify contamination risk by mapping, is primarily due to the automatization of certain operations. The database which is "behind" each layer can anytime be updated. In addition, the use of GIS facilitates the rapid visualization of some elements in the map by selecting them from the attribute table. Vulnerability and the land use maps, contamination data and groundwater quality can be used in view of a rapid and correct evaluation of pollution risk. By using this technology, we are assured that the information will be used in an efficient manner.
The models application showed that Foussana groundwater was characterized by moderate to high vulnerability degrees.
The most vulnerable areas to pollution is located in the southern part. It has been affected by a major fault: the "Fault Kasserine". Added to that, the groundwater overexploitation, the high permeability, the lithologic variability, that are marked mainly by quaternary alluvium and Miocene sandstones, and the relatively low topography, facilitates the rainwater infiltration and accumulation. Waters are easily accompanied by various geochemical elements coming from toxic pesticides and their extensive use in farmland, and wastewater. In high vulnerability areas, we shouldn't allow additional high risk activities in order to obtain economic advantage and to reduce environmental pollution hazard.
The GIS developed is a good decision tool. It is an efficient method for water resources management to evaluate vulnerability. The results are a way to avoid possible contamination water.
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